Purpose This study assessed variation in childhood cancer survival by Indigenous status in Australia, and explored the effect of place of residence and socio-economic disadvantage on survival. Methods All children diagnosed with cancer during 1997-2007 were identified through the Australian Pediatric Cancer Registry. Cox regression analysis was used to assess the adjusted differences in survival. Results Overall, 5-years survival was 75.0 % for Indigenous children (n = 196) and 82.3 % for non-Indigenous children (n = 6,376, p = 0.008). Compared to other children, Indigenous cases had 1.36 times the risk of dying within 5 years of diagnosis after adjustments for rurality of residence, socio-economic disadvantage, cancer diagnostic group, and year of diagnosis (95 % CI 1.01-1.82). No significant survival differential was found for leukemias or tumors of the central nervous system; Indigenous children were 1.83 times more likely (95 % CI 1.22-2.74) than other children to die within 5 years from 'other tumors' (e.g., lymphomas, neuroblastoma). Among children who lived in 'remote/very remote/outer regional' areas, and among children with a subgroup of 'other tumors' that were staged, being Indigenous significantly increased the likelihood of death (HR = 1.69, 95 % CI 1.10-2.59 and HR = 2.99, 95 % CI 1.35-6.62, respectively); no significant differences by Indigenous status were seen among children with stage data missing. Conclusions Differences in place of residence, socioeconomic disadvantage, and cancer diagnostic group only partially explain the survival disadvantage of Indigenous children. Other reasons underlying the disparities in childhood cancer outcomes by Indigenous status are yet to be determined, but may involve factors such as differences in treatment.
Introduction
There are an estimated half-million Indigenous Australians (Aboriginal and Torres Strait Islander people), accounting for about 2.5 % of the Australian population (2.2 % Aboriginal, 0.2 % Torres Strait Islander, 0.1 % of both Aboriginal and Torres Strait Islander origin) [1] . Although only a minority (25 %) of Indigenous Australians overall live in remote areas, the proportion varies markedly across Australia with up to 80 % of Indigenous Australians in the Northern Territory living in remote areas. Since European colonization in the late 1700 s, Indigenous Australians have lost some of their cultural expression and practices and their land, as well as health and well-being [2, 3] . Indigenous Australians have poor education, low levels of employment, and despite the high standard of health experienced in Australia in general, Indigenous Australians are more likely to experience disability and ill health and die at younger ages [1] .
Cancer is the second leading cause of premature mortality and the third most common cause of death among Indigenous Australian adults [1] . They have poorer survival following a cancer diagnosis than do other Australians in general [4] [5] [6] , due in part to Indigenous patients having more advanced disease and more co-morbidities at diagnosis, and being less likely to receive cancer treatment [5, 7] .
The effect of ethnicity and socio-economic status on childhood cancer survival has been investigated in the United States (US) [8, 9] , the United Kingdom (UK) [10, 11] , New Zealand (NZ) [12] , South Africa (SA), and Namibia, [13] [14] [15] with inconsistent results. In Australia, Indigenous children are 36 % less likely to be diagnosed with cancer than their non-Indigenous counterparts; however, they have similar rates of cancer mortality [16] . While this is suggestive of poorer survival, specific data on cancer survival by Indigenous status among Australian children are lacking. There is a need to quantify the extent of, and understand reasons for, any survival differential for Indigenous childhood cancer patients, in order to plan appropriate policies for equitable pediatric cancer care.
Using the Australian Pediatric Cancer Registry (APCR), one of the few national, population-based registries of childhood cancer in the world, we have assessed possible variation in cancer survival between Indigenous and nonIndigenous Australian children, and examined whether observed variation is associated with geographic remoteness or area-based socio-economic disadvantage.
Methods
Data on children (0-14 years) diagnosed with cancer in Australia during 1997-2007 were accessed from the APCR. As cancer notification is mandatory and the APCR includes all childhood cancer cases registered by Australia's state and territory cancer registries, cases reported here represent all children diagnosed with cancer during 1997-2007 [17] . Indigenous status has been routinely recorded in most public hospitals' patient administration systems since the mid-1990s, and information is provided to the APCR for each notified case (\ 3 % of children have 'unknown' Indigenous status during [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . Cases diagnosed on the basis of death certificate only or autopsy with histology (n = 30) were excluded, as were those with a reported survival time of \ 1 day (n = 20).
Through site visits by the APCR Data Manager to major children's hospitals throughout Australia, clinical information (e.g., stage at diagnosis) was extracted from medical records for all cases using standard data collection forms. Information on Indigenous status obtained through the case notification was cross-checked with medical notes. Date and cause of death information are routinely updated in the APCR by linkage with the Australian National Death Index. All cases were followed until date of death, 5 years following diagnosis or December 31, 2008, whichever came sooner. Due to the unavailability of accurate life tables for Indigenous Australians during the study period [18] , survival was cause specific; children who died of causes unrelated to their cancer ( Fig. 1 ) were censored at their date of death (n = 25).
Childhood cancers were classified into 12 main groups using the International Classification of Childhood Cancer (ICCC-3) [19] . All invasive cancers were included, as well as intracranial and intraspinal tumors of benign or uncertain behavior; cancer with benign or uncertain behavior (n = 47) was excluded (Fig. 1) . Some of the diagnostic groups were amenable to being staged (lymphomas, neuroblastoma, renal tumors, and the soft tissue sarcoma subgroup of rhabdomyosarcomas); for these cancers, stage at diagnosis was summarized as either localized (stages I-II) or spread beyond the site of origin (stages III ?).
Survival by Indigenous status was analyzed for all cancers and separately for leukemias and tumors of the central nervous system, with the remaining cancer types (referred to as 'other tumors') aggregated to achieve sufficient numbers for analysis. As stage at diagnosis is an important determinant of survival [20, 21] , the abovementioned diagnostic groups for which staging data were recorded were analyzed separately.
Geographic remoteness (rurality of residence) was categorized according to the accessibility/remoteness index for Australia (referred to as remoteness index); groups ranged from 'remote/very remote (center of \ 18,000 persons)' to 'major city (center of 250,000 ? persons)' [22] . The index of relative socio-economic disadvantage [23] (referred to as socio-economic index) was used to classify the socio-economic status of the areas where children lived. To achieve sufficient numbers for analysis, it was necessary to aggregate the categories of both indexes as well as year of diagnosis.
The Statistical Package for the Social Sciences version 19 (SPSS, Chicago, Ill) was used for data analysis.
Statistical significance was set at a = 0.05. Chi squared tests or Fisher's exact test (cell counts \ 5) were used for categorical data. Unadjusted 5-years survival probabilities by Indigenous status were calculated using the KaplanMeier method (log-rank statistic). Multivariate Cox regression analysis reported in terms of hazard ratios (HRs) with associated 95 % confidence intervals (CIs) was used to assess the differences by Indigenous status with respect to cancer survival, after adjustment for remoteness and socio-economic indexes, diagnostic group, year of diagnosis, and stage at diagnosis (where relevant). Variables included in the model were checked to ensure that they adhered to the assumption of proportional hazards over time. As there was evidence of statistical interaction between diagnostic grouping and year of diagnosis, the corresponding interaction term was included in all models that included diagnostic grouping.
A sensitivity analysis was undertaken to examine the potential effect on the findings of excluding children with missing Indigenous status who would otherwise have been eligible (n = 181). Firstly, unadjusted 5-years survival probabilities by Indigenous status (including 'unknown') were calculated (Kaplan-Meier method). Indigenous status was then randomly allocated to 2.5 and 5 % of the subgroup of children with 'unknown' status to match the proportion of Indigenous Australians in the general population (2.5 %) [1] ; remaining children with 'unknown' status were classified as non-Indigenous. Unadjusted HRs were calculated to assess the differences by Indigenous status with respect to cancer survival.
Results
Over the study period, there were 201 Indigenous cases (2.9 %), 6,440 non-Indigenous (94.0 %), and 209 cases with unknown Indigenous status (3.1 %). After exclusions ( Fig. 1) , 196 Indigenous children and 6,376 non-Indigenous children were analyzed. There was no significant difference in the overall distribution of cancers by diagnostic group, age group, sex, or year of diagnosis by Indigenous status (Table 1) . Differences were apparent by rurality of residence, with a much higher proportion of Indigenous cases living in remote/ very remote areas (22.4 vs. 2.6 %) and a smaller proportion of Indigenous cases living in major cities (29.1 vs. 60.9 %; p \ 0.001). Also, a higher proportion of Indigenous cases lived in the 'most disadvantaged' areas compared with nonIndigenous cases (35.2 vs. 14.0 %); in contrast, the pattern was reversed for affluent areas, with 6.1 % of Indigenous and 20.8 % of non-Indigenous cases living in areas classified as 'least disadvantaged' (p \ 0.001).
Of 1,611 children (55 Indigenous and 1,556 non-Indigenous) diagnosed with tumors that were amenable to being staged (Table 1) , Indigenous and non-Indigenous cases were similar with regard to cancer stage and the proportion of missing stage: 29.1 % of Indigenous children had stages I-II, 29.1 % stages III ? , and 41.8 % missing cancer stage compared to 32.9, 31.0, and 36.1 % of non-Indigenous children, respectively (p = 0.680).
Overall, 5-years cancer-specific survival was 75.0 % (95 % CI 68.5-80.7) for Indigenous children and 82.3 % (95 % CI 81.4-83.3) for non-Indigenous children (p = 0.008). Indigenous children were 1.47 times more likely (95 % CI 1.10-1.95, p = 0.009) to die from cancer within 5 years of diagnosis than were non-Indigenous children ( Table 2 ; Fig. 2 ). After adjustment for rurality, socio-economic disadvantage, cancer diagnostic group, year of diagnosis, and the interaction term 'cancer diagnostic group-year of diagnosis,' the hazard ratio reduced slightly to 1.36 (95 % CI 1.01-1.82), but remained statistically significant (p = 0.040).
For leukemia and tumors of the central nervous system, there were no statistically significant differences for either the unadjusted or adjusted hazard ratios by Indigenous status (Table 2) . However, for 'other tumors,' Indigenous children were 1.83 times more likely (95 % CI 1.22-2.74, p = 0.003) to die from cancer within 5 years of diagnosis than were non-Indigenous children (HR adjusted for rurality, socio-economic disadvantage, and year of diagnosis). When tumors amenable to staging were examined separately, there was some, although not significant, evidence that Indigenous children appeared to be more likely (adjusted HR = 1.65, 95 % CI 0.94-2.91, p = 0.083) to die from cancer within 5 years of diagnosis than their counterparts (adjusted for socio-economic disadvantage, place of residence, year of diagnosis, and stage).
There was no statistically significant interaction between Indigenous status and either remoteness (p = 0.313), socio-economic index (p = 0.256), or stage at diagnosis (p = 0.577) in the main model. However, stratified analyses showed that among cases who lived in 'remote/very remote/outer regional areas,' being Indigenous increased the likelihood of death within 5 years of diagnosis (adjusted HR = 1.69, 95 % CI 1.10-2.59, p = 0.017), while among cases who lived in 'major city/inner regional areas,' there was no significant difference in the survival estimates by Indigenous status (Table 3) . Among those who lived in 'most disadvantaged' areas, there was also a suggestion that being Indigenous may be associated with an increased likelihood of death within 5 years of diagnosis (adjusted HR = 1.60, 95 % CI 0.98-2.62, p = 0.061), although chance could not be ruled out. There was no significant difference in the survival estimates by Indigenous status among cases who lived in 'middle/least disadvantaged' areas. Among cases with stage I-II cancers, Indigenous children had over 4 times the likelihood of death within 5 years of diagnosis, although numbers were small and this difference was only marginally statistically significant (adjusted HR = 4.57, 95 % CI 0.99-21.19, p = 0.052); Indigenous children with stage III ? cancers were three times more likely to die within 5 years of diagnosis (adjusted HR = 2.95, 95 % CI 1.14-7.64, p = 0.025), and overall, among children with staged cancers, Indigenous children were three times more likely to die within 5 years of diagnosis compared to non-Indigenous children (adjusted HR = 2.99, 95 % CI 1. 35-6.62) . No significant differences between the groups were seen among children with stage data missing. Five-year survival was significantly higher for children with unknown Indigenous status compared to Indigenous or non-Indigenous cases (89.0, 75.0, and 82.3 %, respectively; p = 0.001). Sensitivity analysis showed that when Indigenous status was randomly allocated to either 2.5 or 5 % of these children, unadjusted HRs were similar to the estimates for children with known Indigenous status (HR = 1.48, 95 % CI 1.11-1.97, p = 0.007 and HR = 1.44, 95 % CI 1.08-1.92, p = 0.012, respectively).
Discussion
We present the results of the first nation-wide analysis of survival from childhood cancer in Australia by Indigenous status. The overall likelihood of death within 5 years from cancer was about 50 % higher for Indigenous cases than for other Australian children. After adjusting for a range of other key factors (remoteness and socio-economic indexes, diagnostic group and year of diagnosis), there were no significant differences in survival by Indigenous status for leukemia and tumors of the central nervous system, and the disparity was found to be mostly due to an 83 % higher chance of death among Indigenous children diagnosed with 'other tumors. ' Our findings are consistent with previous reports of poorer cancer survival among Indigenous adults compared to other Australians [5] [6] [7] . These studies have found that reduced Indigenous survival for some adult cancers was due to Indigenous patients having more advanced disease and co-morbidities (e.g., diabetes type 2) at diagnosis, and also being less likely to receive cancer treatment. In a study conducted in the state of Queensland, 12 % of adult Indigenous cases compared to 7 % of non-Indigenous cases had no information on cancer stage recorded in the medical chart [5] . Although a slightly higher proportion of Indigenous compared to non-Indigenous children had stage data missing in our cohort, the difference was not statistically significant. Significant differences in survival by Indigenous status remained after stratifying by stage however. Interestingly, among children with stage I-II and with stage III ? , it appeared that Indigenous children were more likely to die within 5 years of diagnosis compared to nonIndigenous children; however, no significant differences between the groups were seen among children with stage data missing or cases that were not staged. The present study did not collect information on co-morbidities. Further work is planned to examine the possible impact of the timing and type of treatment on childhood cancer survival using data from the APCR. In the abovementioned Queensland study, adult Indigenous cases were 20 % less likely to receive chemotherapy, 9 % less likely to receive radiotherapy, and 24 % less likely to have surgery for their cancer than non-Indigenous cases [5] . In a study of head and neck cancer, Indigenous cases were also significantly less likely to receive any cancer treatment (75 vs. 95 %); when cancer stage, socioeconomic status, comorbidities, and cancer treatment were taken into account, Indigenous cases experienced significant greater risk of death from head and neck cancer and from all other causes than their non-Indigenous counterparts [24] . The reasons why Indigenous people in these studies were less likely to receive treatment were not documented.
The effect of ethnicity on the survival of children with cancer has been investigated in other countries, although results have been inconsistent. In the UK, survival did not differ by ethnicity [10, 11] ; while in the US, poorer overall and cancer-specific survival have been reported for black children [9, 25] , Alaska Natives [8] , and children from ethnic minorities [25, 26] compared with white children. In a small NZ study, Maori and Pacific Island children had similar survival as other children for all cancers combined and acute lymphoblastic leukemia [12] . In the UK, it is likely that ethnic groups reflect migrants rather than Indigenous subgroups as in our study and the US and NZ studies. Moreover, Australian data include other ethnic minorities in the 'non-Indigenous' group, so the true differential between Indigenous and Caucasian children may be higher.
Our finding of a tendency to lower survival in Indigenous children with Stage I/II cancers is particularly concerning. Survival after cancer diagnosis depends in large part on the cancer being diagnosed at an early stage and on the patient receiving appropriate and timely management. At a community level, this requires co-ordinated and accessible diagnostic and treatment services [5, 20, 21] . Remoteness appears to be associated with lower cancer survival among Indigenous children in Australia, and there was also some evidence of relatively lower survival among Indigenous patients in areas with lower socio-economic status. However, these variations in geographic remoteness of residence and SES only partially explain the survival disparity between Indigenous and non-Indigenous children for solid tumors other than tumors of the central nervous system as the association was somewhat attenuated but persisted after adjustment for these confounding variables. Previous work has reported that among all Australian children with cancer, those who lived in remote/very remote areas had a significantly lower 5-years survival rate than their counterparts in major cities [17] . Childhood cancer survival by Indigenous status has been reported for some common cancers in South Africa and Namibia (5-years survival of acute lymphocytic leukemia for black children was significantly lower than for whites) [14, 15] . In our study, there was no statistically significant difference in survival of leukemias by Indigenous status. Stratified analysis showed that among cases who lived in 'remote/very remote/outer regional' areas, being Indigenous was associated with a statistically significant increased likelihood of death within 5 years of diagnosis compared to other children. This suggests that issues related to living in remote parts of Australia, such as access to diagnostic and treatment services, are likely to be an even greater barrier for Indigenous compared to nonIndigenous children. The reasons underlying the remaining difference in cancer outcomes between these two groups of children are unknown but are likely to be multifactorial. The reasons for relatively poorer survival among Indigenous children living in more disadvantaged areas and among Indigenous children with staged tumors (I-II and III ?) are also unclear.
It is important to bear in mind that this study included a small number of Indigenous children with cancer, particularly in some of the strata, resulting in little statistical power to assess differences. In particular, the sample size does not permit the analysis of additional groupings to shed more light on the reasons why the group of 'other tumors,' which is quite heterogeneous, shows differences in survival by Indigenous status. Also, the stratified models could not be adjusted for diagnostic group, which may explain some of the variation.
The chief strength in utilizing data from the APCR is the virtually complete population coverage. Standardized and consistent collection ensures that the data are of high quality and not differentially biased by Indigenous status. This registry also collects detailed information on the stage of disease for some cancers, although information about stage was obtained retrospectively from medical notes and therefore subject to coding and interpretative uncertainties.
In Australia, as ethnicity is defined by self-assessment, occasionally, Indigenous patients are reluctant to identify themselves as such, or that hospital staff do not ask or might make an educated guess [27, 28] . Therefore, not all Indigenous children with cancer may have been identified correctly. However, we believe misclassification of Indigenous status in the study cohort is small. As done previously described [5] , medical charts were carefully reviewed to verify Indigenous status (e.g., notes from the hospital's Indigenous Liaison Officers, medical, or nursing staff were checked for references to the patient as being 'Indigenous'). As the survival for children with 'unknown' Indigenous status was higher than either known Indigenous or non-Indigenous children, something also seen among adult cancer patients [29] , it is unlikely that many of those with 'unknown' Indigenous status were truly Indigenous. Even when we randomly allocated up to 5 % of the 'unknown' cancer patients to the Indigenous group, the significant survival differential remained.
Navigating through the complex health care system for cancer care can be arduous and fraught with uncertainty and fear [30] . This can be worse for an Indigenous person, who might not always utilize nor understand Western health care systems. The diagnosis of cancer is regarded as meaning death, as it can be (for many Indigenous adults) rapidly fatal [31] . Cultural and cross-cultural issues, such as fear of death or failure to be offered or to fully understand treatment options, play a substantial part in treatment compliance. Many adult Indigenous cancer patients simply withdraw from active treatment after their initial experience of it [32] . Although treatment refusal is an infrequent occurrence in pediatric oncology in general [33] , overseas studies have found that treatment adherence ranges from 41 to 98 % [34, 35] . Information about treatment refusal and compliance among Indigenous children diagnosed with cancer is not available.
Differences in treatment (timing of and uptake) have been reported as contributing factors for the poorer cancer survival of Indigenous adults when compared to other Australians [5, 24] . Comprehensive investigation of cancer treatment and compliance is therefore needed as they could also potentially be contributing factors to the disparity in cancer survival among children with certain cancers; better understanding of the patterns of care will help to identify factors where modification may improve outcomes. This could translate into meaningful public-health and clinical interventions to improve cancer survival in Indigenous Australian children.
Throughout the study, the Queensland Aboriginal and Islander Health Council acted as a community resource to provide consultation and support. Necessary approvals for this work were obtained from the ethics committees of the Queensland Institute of Medical Research, the University of Queensland, the cancer registries in all States and Territories, and all hospitals who assisted in the data collection.
